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a  b  s  t  r  a  c  t
Objective:  Changes  in pacing  rhythm  are  translated  into  functional  and metabolic  changes  that  can  be
signiﬁcantly  reﬂected  in the  ﬁnal  results  of  an  athlete.
Method:  Ten  male  subjects,  with  moderate  performance  level  (age:  25.2 ± 2.2 years;  VO2max:
56.9  ± 5.7  ml  kg−1 min−1),  performed  four 5-min  races  with  different  pacing  strategies:  constant-pace
(CP), record-pace  (RP),  kicker-pace  (KP),  incremental-pace  (IP).
Results:  The  cardio-respiratory  response  did not  show  statistically  signiﬁcant.  There  were statistically
signiﬁcant  differences  (p ≤  0.05)  in  the  energetic  efﬁciency  among  the  protocols  CP  vs. RP,  CP vs. KP and
RP  vs.  IP. When  results  were  analyzed  by partials  (1-min  duration  phases),  signiﬁcant  differences  were
observed  in the energetic  efﬁciency  during  the 3rd-min  among  CP  vs.  KP,  RP vs.  KP and  KP  vs. IP.  These
signiﬁcant  differences  were  extended  to the  4th-min  when  comparing  CP vs. IP, CP  vs. KP,  KP  vs. RP  and
KP vs.  IP. In the  last minute  of  the  test,  there  were signiﬁcant  differences  among  CP  vs. KP.  No  signiﬁcant
differences  were  found  in  any  of  the  variables  assessing  anaerobic  metabolism  (accumulated  oxygen
deﬁcit,  oxygen  debt,  oxygen  uptake  kinetics  and  blood  lactate)  between  both  protocols.
Conclusions:  Results  suggest  that  the main  functional  systems  response  are  signiﬁcantly  affected  by the
pacing  strategy  used  by  middle-level  subjects  during  middle-distance  running.
©  2015  Consejería  de  Turismo  y  Deporte  de  la  Junta  de  Andalucía.  Published  by  Elsevier  España,  S.L.U.
This is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Efecto  de  la  estrategia  en  carrera  durante  un  test  de  resistencia  de  media





r  e  s  u  m  e  n
Objetivo:  Los cambios  en  el  ritmo  de  carrera  se  traducen  en  cambios  funcionales  y metabólicos  que  pueden
reﬂejarse  signiﬁcativamente  en  los resultados  ﬁnales  de  un  atleta.
Método:  Diez  sujetos  varones,  con  un  nivel  medio  (edad:  25.2  ±  2.2 an˜os;  VO2max:
56.9  ±  5.7  ml•kg−1•min−1),  llevaron  a cabo  carreras  de  5  minutos  con  diferentes  estrategias:  ritmoespuesta mecánica
studiantes constante  (RC),  ritmo  récord  (RR),  ritmo  kicker  (RK)  y  ritmo  incremental  (RI).
Resultados:  La  respuesta  cardiorespiratoria  no mostró  diferencia  estadísticamente  signiﬁcativa.  Hubo
diferencias  estadísticamente  signiﬁcativas  (p≤0.05)  en  la  eﬁciencia  energética  entre  los protocolos  CP
vs. RP,  CP vs.  KP  and  RP  vs.  IP.  Cuando  los  resultados  se analizaron  por  parciales  (fases  de  un  minuto  de
 diferencias  signiﬁcativas  en  le eﬁciencia  energética  durante  el  tercer  minutoduración),  se  observaronPlease cite this article in press as: Pérez-Guerra A, et al. Effect of the pacing strategy during half-duration resistance test on the mechanic,
metabolic and cardio-respiratory response. Rev Andal Med  Deporte. 2016. http://dx.doi.org/10.1016/j.ramd.2015.05.001
entre  RC  vs.  RK,  RR vs.  RK y RK  vs. RI. Estas  diferencias  signiﬁcativas  se  extendieron  al cuarto  minuto
cuando  se compararon  RC  vs. RI,  RC  vs.  RK,  RK  vs.  RR  y  RK vs.  RI. En  el  último  minuto  del test,  hubo
diferencias  signiﬁcativas  entre  RC  vs. RK.
∗ Corresponding author.
E-mail address: pit researcher@yahoo.es (M.E. Da Silva-Grigoletto).
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No  se  encontraron  diferencias  signiﬁcativas  en ninguna  de  las  variables  que  valoran  el  metabolismo
anaeróbico  (déﬁcit  de  oxígeno,  deuda  de  oxígeno,  cinética  del  consumo  de  oxígeno  y  lactato  en  sangre)
entre  ambos  protocolos.
Conclusiones: Los resultados  sugieren  que la  respuesta  de  los  principales  sistemas  funcionales  se  ve afec-
tada  signiﬁcativamente  por  la  estrategia  de  carrera  empleada  por  un grupo  de  sujetos  de  nivel  intermedio
durante  una  carrera  de  media  distancia.
©  2015  Consejería  de  Turismo  y Deporte  de  la  Junta  de  Andalucía.  Publicado  por  Elsevier  España,  S.L.U.








Efeito  da  estratégia  de  corrida  durante  teste  de  resistência  de  meia-durac¸ ão  na
mecânica,  resposta  metabólica  e  cardio-respiratória
r  e  s  u  m  o
Objetivo:  Alterac¸ ões  no ritmo  de  corrida  se  traduzem  em  mudanc¸ as  funcionais  e metabólicas  que podem
ser  reﬂetidas  de  forma  signiﬁcativa  nos resultados  ﬁnais  de  um  atleta.
Método:  Dez  indivíduos  do sexo  masculino,  com  nível  de  desempenho  moderado  (idade:  25.2 ± 2.2 anos;
VO2máx:  56.92  ± 5.7  ml  · kg-1  · min-1),  realizaram  quatro  corridas  de  5 minutos  com  diferentes  estraté-
gias  de  corrida:  velocidade  constante,  velocidade  recorde,  velocidade  kicher  e velocidade  incrementada.
Resultados:  A  resposta  cardiorrespiratória  não  demostrou  estatisticamente  signiﬁcativa.  Houve
diferenc¸ as  estatisticamente  signiﬁcativas  (p≤0.05)  na eﬁciência  energética  entre  os  protocolos  CP  vs.
RP, CP  vs.  KP  and  RP vs.  IP,  quando  os  resultados  foram  analisados  por  parciais  (1  min  de  durac¸ ão). Foram
observadas  diferenc¸ as  signiﬁcativas  na  eﬁciência  energética  durante  o  3◦-min  entre  CP vs.  KP,  RP vs.  KP  e
KP  vs. IP. Estas  diferenc¸ as  signiﬁcativas  foram  estendidas  para  o 4◦-min  na comparac¸ ão  CP vs.  IP, CP  vs. KP,
CP vs. KP,  KP vs. RP  e KP vs.  IP.  No  último  minuto  do teste,  houve  diferenc¸ as  signiﬁcativas  entre  CP vs. KP.
Não  foram  encontradas  diferenc¸ as  signiﬁcativas  em  nenhuma  das variáveis  que  avaliam  o metabolismo
anaeróbico  (déﬁcit  de  oxigênio  acumulado,  débito  de  oxigênio,  cinética  do consumo  de  oxigênio  e lactato
no  sangue)  entre  ambos  os  protocolos.
Conclusões:  Os  resultados  sugerem  que  as  principais  respostas  dos sistemas  funcionais  são  afetadas  sig-
niﬁcativamente  pela estratégia  de  corrida  usado  por  indivíduos  de nível  médio  durante  a meia-corrida
de  longa  distância.
© 2015  Consejería  de  Turismo  y Deporte  de  la  Junta  de  Andalucía.  Publicado  por  Elsevier  España,  S.L.U.


























The effort distribution and the energetic requirements during
 cyclic modality are called pacing or pacing strategy,1,2 thus being
onsidered as a determinant factor in the ﬁnal test result.1,3,4 The
acing strategy is deﬁned as the velocity variation during a pace by
egulating the ratio of energy expenditure4 and is proposed to be
 marker of underlying physiological regulation.5 The way of dis-
ributing the effort depends on the type of event or objective record,
he performance duration,2 the runners’ characteristics resistant
nd the environment conditions.
There is no consensus about classifying the tactical variants that
an be observed in the middle-distance and long-distance races,6,7
lthough the most efﬁcient pacing strategy in a middle distance run-
ing appears to be the Parabolic-Shaped Pacing (U-Shaped,  Reserve
-Shaped and J-Shaped).8 That is to say, a faster exit, followed by
radual decrease in the mean distance of the event and ﬁnal accel-
ration.
In this type of tests, the velocity variations range between 5
nd 10%.9–11 Sometimes, the U-shaped strategy shows very low
ecreases in the race rhythm at half of the race, showing a tendency
o a stable rhythm (even pacing).  These race rhythm behaviors can
e checked up on when analyzing the main international athletic
ompetitions (Olympic Games, World Championships, European
hampionships or World Records).
Thus, voluntary or involuntary changes during the test rhythm
2,12Please cite this article in press as: Pérez-Guerra A, et al. Effect of the pac
metabolic and cardio-respiratory response. Rev Andal Med  Deporte. 2
re translated into functional and metabolic changes that can
ven be signiﬁcantly reﬂected in the ﬁnal result as well as in the ath-
ete’s capacity.13 However, there is no concrete knowledge about
ow does the organism respond to changes in the race strategy.10(http://creativecommons.org/licenses/by-nc-nd/4.0/).
There is also no accurate idea of the objective causes that under-
lie the reasons why athletes are inclined to the use of either race
strategy during competition. Neither is still not completely under-
stood how athletes regulate their speed to optimize performance
in supramaximal races such as middle-distance events.10
The aim of the present study was  to detect, in intermediate level
subjects, if changes in the race strategy (5-min treadmill running)
cause changes in the mechanical of the race, energetic consump-
tion, metabolic response and cardio-respiratory response during a
middle-distance race performed at high (not maximal) intensity.
Method
Subjects
We  evaluated 10 subjects, male physical education stu-
dents (age: 25.2 ± 2.2 years; body weight: 69.8 ± 5.5 kg;
height: 175.7 ± 3.2 cm;  fat percentage: 8.2 ± 1.3%; VO2max:
56.9 ± 5.7 ml  kg−1 min−1) with moderate performance level.
The study was  approved by the Research Ethics ommitee of
ULPGC (Spain), in accordance with the regulations of resolution of
National Council on Ethics in Human Research and in accordance
with the Declaration of Helsinki.
During the sample recruitment, the subjects were concretely
informed about the investigation nature to which they were going
to be submitted, as well as the possible risks of being experi-
mental subjects. Once they accepted to be part of the study, theying strategy during half-duration resistance test on the mechanic,
016. http://dx.doi.org/10.1016/j.ramd.2015.05.001
signed their agreement in a consent document. In this document,
they expressed their accordance with what mentioned above,



























































GARTICLEAMD-51; No. of Pages 7
A. Pérez-Guerra et al. / Rev Anda
nvestigation team assumed the established guidelines, for humans
nvestigation, in the 18th World Medical Assembly with subse-
uent amendments; (b) detailed and concise information about
he different test characteristics, as being part of the experimental
tudy; (c) consent for the data recording and processing, obtained
y researchers from the Laboratory of Analysis and Planning of Sports
raining, as well as the use of these data in studies and scien-
iﬁc publications; and (d) clariﬁcation of the opportunity to refuse,
hen considering, to perform any of the tests.
xperimental design
The runners were required to visit the laboratory on seven sep-
rate occasions. On their ﬁrst visit to the laboratory, the subjects
ere detailed informed about the investigation aspects to, later,
erform the anthropometric assessment. Also, were asked to main-
ain their regular activity pattern for the duration of the study. On
he second visit the subjects were given the opportunity to become
amiliar with the equipment and testing protocols that would be
sed during the trial. Before performing the tests (different pac-
ng strategy) each subject performed an incremental exhaustive
readmill test (Ergopower®) to evaluate each individual’s oxygen
elivery system. The continue test was unable to maintain the
readmill pace. VO2max was deﬁned as the highest oxygen con-
umption during incremental test over 15 s period. Gas analyzer
as calibrated before each test.
The four following days after the visit to the laboratory, the
ubjects performed the different 5-min races with intensities, pre-
iously established, which changed or not every 20-s depending on
he characteristics of the assessing protocol. The race rhythms, in
ach case, were established from the behaviors observed in high
erformance athletes of 71 ofﬁcial male competitions (Olympic
ames; World Championships; European Championships and
orld Records; European Championships; Outdoor World Record)
Table 1).
The rhythm changes observed in these ofﬁcial competitions, in
ach phase of the test (beginning, middle and end of the test), are
imilar to the maximal levels proposed by other authors for this
uration tests.14,15 These references were criteria used to select the
hythms of the four protocols used in our study (constant-pace, CP;
ecord-pace, RP; kicker-pace, KP; incremental-pace, IP) (Table 2).
To determine the mean velocity at which each subject was
oing to be evaluated, we used the following protocol: after the
amiliarization phase (3 sets of 6 min  at 12-min km−1 and 2 sets
f 4 min  at 15-min km−1) performed the second day, the sub-
ects performed 3 sets of 6–8 min  of duration in treadmill with
n inclination of 1.0. After a 12-min warm up at an intensity
f 12 km h−1, 3 sets were performed until fatigue was reached
recovery: 8 min  and 12 min) with increasing intensities trying
o reach exhaustion at a time of between 6 and 8 min  (exam-
le: 10-min at 12 km h−1 recovery 10 min  + 6-min at 16 km h−1
ecovery 12 min  + 8-min at 18 km h−1 recovery 10 min  + all-out at
0 km h−1). From the distance performed during the last set, we
etermined the individuals’ performance level (NR), applying the
ollowing equation: NR = V/D−˛; where V is the velocity in m s−1; D
s the distance in meters;  ˛ is the exponent with a value of −0.0712.
nce known the NR value, we estimated the theoretical value in
 race of 1500 m and determined the mean velocity expressed in
m h−1. Once known this value, we deducted a 5% to set the mean
ntensity of the four used protocols.
valuated variablesPlease cite this article in press as: Pérez-Guerra A, et al. Effect of the pac
metabolic and cardio-respiratory response. Rev Andal Med  Deporte. 2
During the imposed strategy trials, the respiratory gas exchange
as measured using an analyzer Ganshorn Medicine Electronic
mbH to monitor the ventilation values (VE), oxygen consumption PRESS
Deporte. 2016;xxx(xx):xxx–xxx 3
(VO2), CO2 production (VCO2) and respiratory coefﬁcient (RER).
We determined the energetic cost (EC), Oxygen pulse (PO2), accu-
mulated oxygen deﬁcit, oxygen debt and oxygen uptake kinetics
(VO2 − ).
Using this procedure, PO2 represents the amount of O2 that can
be consumed during the race and during the time of the complete
cardiac cycle. EC was deﬁned as the ratio between the oxygen con-
sumption (ml  kg−1 min−1) and the running speed (m min−1). The
oxygen accumulated deﬁcit was  only measured during the ﬁrst
minute of every race and the oxygen debt in the three minutes
after exertion. Oxygen uptake kinetics () was  determined by a spe-
ciﬁc elaborated program (Matlab 7.12.0.635) to determine the VO2
kinetics and calculate the values of  (s) and VO2 in that point fol-
lowing the methodological criteria proposed by Joones and Poole
(2005). In every protocol, we  also recorded the heart rate (HR) every
5 s (Polar Polar RS 800), blood lactate was measured pre and post
exercise (1 and 3 min) using a miniphotometer (LP-20 Bruno Lange
Gmbh, Berlin, Germany) and pass frequency (video recording).
Anthropometry
Height and weight were measured. We assessed six skin-fold
(triceps, subscapular, suprailiac, abdominal, midthig and calf) and
percent of body fat calculates by using the formula of Yuhasz mod-
iﬁed by Carter16: % body fat = (0.1051 × sum of six skinfold) + 2.585.
These data were obtained by a Holtain skinfold caliper (constant
pressure: 10 g sq−1 mm).
Statistics
The statistics shown in this paper were calculated using the Sta-
tistical Package for Social Sciences (SPSS, v. 17.0 for WINDOWS;
SPSS Inc., Chicago, IL, USA). The descriptive statistics used were
the mean, standard deviation and mean error for comparing the
four protocols. The groups were assessed using ANOVA for repeated
measures with Bonferroni contrast test (p ≤ 0.05). Prior to the com-
parisons, normality tests (Shapiro–Wilks) and homogeneity tests
(Levene test) were performed. The values are reported as the mean
±SD and values p ≤ 0.05 were considered signiﬁcant.
Results
The physiological variables (cardio-respiratory parameters)
measured during the tour treadmill test are listed in Table 3. It is
highlighted that not all of our subjects reached their maximal VO2
values and they did not show statistically signiﬁcant differences
in any of the race phase or in the different evaluated protocols.
The biggest differences found in this parameter were observed
in the intermediate race phase (2◦–4◦ min) when comparing CP
with RP (2.4%–5.4%–5.4%–5.3%), KP (2.4%–5.1%–3.3%–2.6%) and IP
(3.2%–3.8%–3.2%–0.9%. There were no signiﬁcant differences found
in the PO2 and FC values.
We found statistically signiﬁcant differences in the energetic
efﬁciency among the following protocols: CP vs. KP (p = 0.012; IC95:
0.034–0.004; ES: 1.45), RP vs. KP (p = 0.040; IC95: 0.040–0.008; ES:
1.65) and TP vs. IP (p = 0.003; IC95: 0.009–0.004; ES: 2.04) (Table 3).
When performing the analysis by partials (1-min duration phases),
signiﬁcant differences were observed in the energetic efﬁciency
during the 3rd-min among CP vs. KP (p = 0.000; IC95: 0.75–0.42;
ES: 4.15), RP vs. KP (p = 0.000; IC95: 0.77–0.42; ES: 3.55) and KP vs.
IP (p = 0.006; IC95: 0.80–0.38; ES: 3.95).
These differences were expanded to the 4th-min when com-ing strategy during half-duration resistance test on the mechanic,
016. http://dx.doi.org/10.1016/j.ramd.2015.05.001
paring CP vs. IP (p = 0.005; IC95: 0.005–0.024; ES: 1.12), CP vs. KP
(p = 0.000; IC95: 0.067–0.028; ES: 2.89) and CP vs. KP (p = 0.000;
IC95: 0.067–0.028; ES: 2.89), KP vs. RP (p = 0.005; IC95: 0.074–0.040;
ES: 3.24) KP vs. IP (p = 0.000; IC95: 0.045–0.078; ES: 4.41). In the
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Table 1
Laps (velocity and percentage respect to the mean velocity) corresponding to the four race sections in which the 1500-m test (male) was divided in the Olympic Games (OG:
1948–2012); World Championships (WC: 1983–2011); European Championships (EC: 1958–2012) and World Records (WR: 1952–1998).
Competition Years 0–400-m (m s−1 – % Vmean) 400–800-m (m s−1 – % Vmean) 80–1200-m (m s−1 – % Vmean) 1200–1500-m (m s−1 – % Vmean)
OG (n = 18) 1948–2012 6.8 ± 0.3 m s−1 6.5 ± 0.2 m s−1 7.0 ± 0.3 m s−1 7.5 ± 0.3 m s−1
98.5 ± 4.1% 94.7 ± 2.1% 101.6 ± 3.7% 108.5 ± 4.7%
WC  (n = 13) 1983–2011 6.8 ± 1.6 m s−1 6.8 ± 1.7 m s−1 7.2 ± 1.7 m s−1 7.6 ± 1.9 m s−1
96.4 ± 3.6% 96.5 ± 4.2% 102.9 ± 4.5% 109.2 ± 4.2%
EC  (n = 16) 1958–2012 6.7 ± 0.2 m s−1 6.4 ± 0.2 m s−1 6.9 ± 0.2 m s−1 7.6 ± 0.3 m s−1
97.8 ± 2.8% 93.6 ± 2.0% 101.5 ± 1.6% 111.1 ± 3.7%
WR  (n = 24) 1952–1998 7.1 ± 0.3 m s−1 6.8 ± 0.2 m s−1 6.9 ± 0.25 m s−1 7.3 ± 0.3 m s−1
101.1 ± 3.5% 97.7 ± 2.3% 98.46 ± 3.9% 104.5 ± 5.1%
Table 2
Race intensities (percentage respect to the mean velocity) used, in each protocol, in the different 20 s sections in which the treadmill race was divided.
Lap time Constant pace Record pace Kicker pace Incremental pace
20 s 100% 104% 101% 95%
40  s 100% 102% 98% 93%
60  s 100% 102% 98% 93%
80  s 100% 100% 97% 93%
100  s 100% 100% 95% 93%
120  s 100% 97% 95% 94%
140  s 100% 97% 95% 94%
160  s 100% 96% 95% 94%
180  s 100% 96% 100% 102%
200  s 100% 98% 100% 102%
220  s 100% 98% 102% 107%
240  s 100% 101% 102% 107%
260  s 100% 101% 106% 107%
280  s 100% 104% 108% 113%
300  s 100% 104% 108% 113%
Table 3
Evolution, minute by minute, of the physiological parameters (VO2, RER, EE, FC and PO2) during a 5-min duration treadmill race using the different pacing strategies at a high
intensity not maximal.
Parameter Pacing 0–60 s 61–120 s 121–180 s 181–240 s 241–300 s Mean
VO2 (ml  kg-1 min-1) CP 21.1 ± 3.9 46.7 ± 6.5 52.5 ± 6.5 53.8 ± 6.4 54.3 ± 6.4 44.3 ± 5.3
RP  20.3 ± 5.2 45.6 ± 7.6 49.8 ± 6.5 50.9 ± 7.0 51.4 ± 6.9 42.3 ± 6.1
KP  22.2 ± 6.1 45.6 ± 6.3 50.0 ± 4.9 52.0 ± 5.4 52.9 ± 4.9 43.2 ± 5.1
IP  22.0 ± 3.9 45.2 ± 5.4 50.5 ± 5.9 52.1 ± 4.8 53.8 ± 5.0 43.4 ± 4.3
RER CP  0.94 ± 0.05 1.08 ± 0.02 1.17 ± 0.03 1.19 ± 0.04 1.19 ± 0.04 1.11 ± 0.02
RP  0.95 ± 0.05 1.10 ± 0.05 1.16 ± 0.04 1.16 ± 0.04 1.16 ± 0.05 1.10 ± 0.04
KP  0.95 ± 0.06 1.06 ± 0.04 1.12 ± 0.04 1.15 ± 0.04 1.18 ± 0.04 1.09 ± 0.03
IP  0.92 ± 0.08 1.03 ± 0.05 1.10 ± 0.05 1.15 ± 0.04 1.20 ± 0.04 1.08 ± 0.04
EC  (ml  kg−1 min−1) CP 0.06 ± 0.01 0.11 ± 0.02 0.18 ± 0.02 0.18 ± 0.01 0.18 ± 0.01 0.15 ± 0.10
RP  0.06 ± 0.01 0.16 ± 0.02 0.18 ± 0.02 0.17 ± 0.02 0.18 ± 0.02 0.15 ± 0.02
KP  0.07 ± 0.02 0.16 ± 0.02 0.24 ± 0.02 0.23 ± 0.02 0.17 ± 0.01 0.17 ± 0.01
IP  0.07 ± 0.01 0.16 ± 0.01 0.18 ± 0.01 0.17 ± 0.01 0.17 ± 0.01 0.15 ± 0.01
FC  (lat min−1) CP 110.0 ± 16.9 159.3 ± 16.5 177.1 ± 8.7 182.8 ± 7.9 186.2 ± 7.7 169.2 ± 10.0
RP  106.7 ± 21.0 150.8 ± 24.6 172.1 ± 13.2 180.4 ± 8.7 184.3 ± 8.5 165.2 ± 10.1
KP  111.0 ± 7.0 157.4 ± 18.1 168.9 ± 17.6 178.8 ± 7.3 184.3 ± 6.3 164.6 ± 9.3
IP  116.2 ± 17.7 161.3 ± 9.3 174.6 ± 7.8 180.7 ± 8.5 187.3 ± 6.7 167.8 ± 8.2
O2 pulse
(ml  min−1 beat)
CP 11.96 ± 2.0 20.8 ± 3.9 21.0 ± 2.8 20.6 ± 2.6 20.3 ± 2.6 18.9 ± 2.4
RP  12.20 ± 4.5 20.9 ± 5.9 19.8 ± 3.1 19.7 ± 3.0 19.8 ± 3.0 18.5 ± 3.6






tIP  12.20 ± 2.9 19.5 ± 2.9 
ast minute of the test, there were signiﬁcant differences found
mong CP vs. KP (p = 0.037; IC95: 0.001–0.031; ES: 1.26) and CP vs.
P (p = 0.000; IC95: 0.010–0.028; ES: 1.95).Please cite this article in press as: Pérez-Guerra A, et al. Effect of the pac
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The anaerobic metabolism behavior was assessed from the ven-
ilator parameters (accumulated oxygen deﬁcit, oxygen debt and
xygen uptake kinetics) (Table 3) and the blood lactate concentra-
ions in the ﬁrst minutes after the exercise (Table 4). There were20.3 ± 3.0 20.1 ± 2.4 20.1 ± 2.3 18.4 ± 2.6
no signiﬁcant differences found in any of the used procedures to
assess the anaerobic metabolism among the protocols (Table 5).
At the end of each race, there were blood lactate signif-ing strategy during half-duration resistance test on the mechanic,
016. http://dx.doi.org/10.1016/j.ramd.2015.05.001
icant increases (CP: 66.9%; RP: 56.9%; KP: 65.7%; IP: 62.1%;
p ≤ 0.000). The highest lactate values were obtained three minutes
after ﬁnishing the KP and CP (13.4 ± 2.6 and 13.0 ± 4.4 mmol l−1,
respectively).
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Table  4
Oxygen deﬁcit values, during a 5-min duration treadmill using different pacing
strategies at a high intensity not maximal.
Parameter Pacing Value
O2 deﬁcit (1-min)
(ml  kg−1 min−1)
CP 21.1 ± 5.3
RP  20.3 ± 6.7
KP  22.2 ± 6.3
IP  22.0 ± 6.5
O2 debt (1–3 min)
(ml  kg−1 min−1)
CP 53.4 ± 6.8
153.6 ± 22.6
RP 50.9 ± 7.0
144.7 ± 26.2
KP 50.3 ± 6.2
140.1 ± 26.5
IP 49.9 ± 6.2
150.6 ± 17.2
Tau () (seconds and
ml  kg−1 min−1)
CP 59.5 ± 9.9
39.9 ± 5.6
RP 53.8 ± 9.2
37.8 ± 5.0
KP 54.1 ± 7.3
38.1 ± 2.9
IP 59.9 ± 9.3
38.9 ± 4.1
Table 5
Lactic acid blood values at the end (1-min and 3-min) of a race in a 5-min duration
treadmill using different pacing strategies at a high intensity not maximal.
Running pace Blood lactate (mmol  l−1)
Pre Post-1 min  Post-3 min
CP 4.3 ± 2.0 10.9 ± 2.9 13.0 ± 4.4
























hKP  4.6 ± 1.1 11.6 ± 2.9 13.4 ± 2.6
IP  4.3 ± 1.2 10.1 ± 1.2 11.4 ± 2.6
Although there were apparently some high differences observed
fter each protocol (example: CP3′ vs. IP3′), in any case these dif-
erences were signiﬁcantly different.
The race mechanics were not excessively affected by the rhythm
hanges of each race strategy, except for those parts of the race in
hich the intensity was  especially high (≈110% of race intensity).
he subjects showed a signiﬁcant increase in the stride frequency
n the last minute of the incremental protocol (IP) in comparison to
he rest of the test (1-min: 2.95 ± 0.10 p/s; 2-min: 2.96 ± 0.11 p/s; 3-
in: 2.98 ± 0.13 p/s; 4-min: 3.05 ± 0.12 p/s; 5-min: 3.13 ± 0.11 p/s)
nd the different race protocols (CP: 3.01 ± 0.11 p/s; RP: 3.05 ± 0.09
/s; TP: 3.07 ± 0.12 p/s; IP: 3.13 ± 0.11 p/s).
iscussion
The main ﬁnding of the present study suggests that the main
unctional system answers are not signiﬁcantly affected by the pac-
ng strategy used by middle level subjects during a middle-distance
unning. This behavior affects the total race, as well as the ﬁve
hases in which it is divided (5 phases of 1-min duration). These
esults ﬁndings were consistent with data provided by other similar
tudies.17,18
Performance in middle distance races depend on several physi-
logical parameters19,20 and mainly of the aerobic and anaerobic
nergetic metabolism.17 Middle distance running elicits aerobic
etabolism to its maximum power and anaerobic metabolism to
ts maximum capacity.21,22Please cite this article in press as: Pérez-Guerra A, et al. Effect of the pac
metabolic and cardio-respiratory response. Rev Andal Med  Deporte. 2
An all-out 1500-m race assumes an effort at higher intensities
o 1–10% than the maximal aerobic velocity (vVO2max).14,17 Con-
equently, to be efﬁcient in this type of tests, the athlete needs to
ave a high VO2max and a low energy running cost.19 Our subjects PRESS
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did not always reach their maximal VO2 values during the race nor
showed statistically signiﬁcant differences in any phase in the dif-
ferent assessed protocols. The highest differences were observed in
the intermediate phase of the race (2nd–4th min) when comparing
CP to RP (2.4%–5.4%–5.4%–5.3%), KP (2.4%–5.1%–3.3%–2.6%) and IP
(3.2%–3.8%–3.2%–0.9%) although these differences do not assume
statistically signiﬁcant changes in the oxygen input system. The O2
input changes are consequence of the velocity decrease during the
different race phases.
Also, there were no signiﬁcant differences observed in the
PO2 and HR values among the ﬁve sections of the four assessed
protocols. An efﬁcient cardio-respiratory system and aerobic
metabolism implies a good lung fusion, a great ability of the
heart to generate a high cardiac output, have a high blood
hemoglobin rate, high muscle blow ﬂow and muscle oxygen
extraction.23
In our study, there were some differences found in the energetic
efﬁciency along the different pacing strategies. These differences
were statistically signiﬁcant among the protocols CP vs. KP, RP vs.
KP and TP vs. IP (Table 3). When the analysis is performed by partials
(1-min duration phases) signiﬁcant differences were detected in
the energetic efﬁciency during the 3rd-min among CP vs. KP, RP
vs. KP. These signiﬁcant differences were expanded to the 4th-min
when comparing CP vs. IP, CP vs. KP and CP vs. KP, KP vs. RP, KP vs.
IP. In the last minute of the test, there were signiﬁcant differences
found among CP vs. KP and CP vs. IP. In human locomotion, the work
intensity mainly depends on the product of the energy cost (energy
needed to overcome the external resistance and the energy used
in the production of external energy) and the maximal metabolic
power.24
Nowadays, the importance of the anaerobic metabolism in the
different strategies used during the half duration resistance tests is
more controversial. There were no changes observed in the anaer-
obic metabolism during our study’s race strategies. Also, other
studies3,25 did not ﬁnd that changes in the pacing strategy could
intensively affect the different metabolic via participation (anaer-
obic and aerobic). Foster et al.3 only detected moderate changes
that could have its origin in the study’s methodological problems,
as changes in the velocity were very low and could prevent from
detecting differences in the anaerobic work.
Oxygen deﬁcit,26 post exercise oxygen debt27 and blood lac-
tate accumulation28 are considered as valid indicators of anaerobic
energy production and did not show important differences among
any of the strategies. It is well known that the higher the blood
lactic acid at the end of work, the greater the oxygen debt.
This response is similar to what found in other similar works
when comparing blood lactate concentrations between free-pace
and constant-pace runs.11,29 Although the anaerobic metabolism
is determinant in these races, most of this energy is obtained
via aerobic metabolism.17,30 A low aerobic metabolism efﬁciency
accelerates the anaerobic pathway and the increase of the lactic
acid rate. In our study, this could explain the signiﬁcant increase of
blood lactate concentration at the end of each protocol.
From a biomechanical point of view, it is important to notate that
our subjects showed a signiﬁcant increase in the stride length dur-
ing the last minute of the incremental protocol (IP) in comparison
to the rest of the test (1-min: 2.95 ± 0.1 p/s; 2-min: 2.96 ± 0.1 p/s;
3-min: 2.98 ± 0.1 p/s; 4-min: 3.05 ± 0.1 p/s; 5-min: 3.13 ± 0.1 p/s)
and the different race protocols (CP: 3.01 ± 0.1 p/s; RP: 3.05 ± 0.1
p/s; TP: 3.07 ± 0.1 p/s; IP: 3.13 ± 0.1 p/s).
The Start. In the middle-distance races, the experience shows
how there is always a ﬁrst part of quick departure during the ﬁrsting strategy during half-duration resistance test on the mechanic,
016. http://dx.doi.org/10.1016/j.ramd.2015.05.001
100 m of the race and a transition to even-pacing strategy. This
action is necessary to reach a good record and an appropriate place-
ment for the rest of the remainder of the race.31 In this line, Billat
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heir anaerobic power in the ﬁrst part of the race were those who
chieved the best ﬁnal performance.
However, this tactical behavior assumes important functional
nd metabolic responses, as shown in this study results. So, fast-
tarting pacing strategies imply a velocity slowing down12 and a
ecrease in VO2.32,33
For half a century, it has been well known that the VO2 kinetics
hows a faster adaptation when the exercise initial intensity is very
igh.14,18 This response of the oxygen delivery system is accompa-
ied by a rapid fall in the adenine nucleotide pool34 and an increase
f the anaerobic lactic pathway.35 It also stimulates the system of
esynthesis of the ATP by the oxidative process. The initial accel-
ration improves the mean power output and VO2 during the ﬁrst
5 s and generates a greater breakdown of the athletes’ creatine
hosphate supplies respect to a paced strategy.36
However, from a metabolic point of view, an excessive fast start
an be counterproductive. In fact, too high intensity anaerobic path-
ay activation from the beginning of the test can condition the race
elocity37 and, as shown by some authors, it can be a factor that
rives the athlete to regulate and adjust inappropriately the race
hythm.4
Mid  race. Once the athlete ﬁnds the appropriate position during
he race, usually tries to stabilize the rhythm to the test interests.
xcept for special race circumstances (e.g. hare atypical strategies),
hat is common is that the athletes perform mid  race at a lower
ntensity to the mean race velocity. This velocity fall will change
ts magnitude depending on the race characteristics or objective
lassiﬁcation. A decrease around the 3rd-min could prevent the
evelopment of the VO2 slow component. In this sense, Cottin
t al.11 found that, in male long-distance runners, velocity does not
lter in an important way the slow component of the VO2 kinetic.
lso, the blood lactate concentrations did not change in compari-
on with a race performed at a constant rhythm. On the opposite
ide, maintaining a very high intensity in this test phase assumes a
aximal O2 input activation and a premature fatigue onset.38
So, maintaining a reduced race rhythm mostly always means
o enable the athlete to save energy for the last phase of the race,
ut in middle distance running the speed must be as high as pos-
ible above the maximal aerobic power to achieve a good ﬁnal
erformance but without depleting anaerobic stores too early and
ithout decreasing VO2 below VO2max  by an inhibition of oxida-
ive phosphorylation with early acidosis.32 In such circumstances,
he organism requires the anaerobic lactic pathway (anaerobic
apacity), and increases the blood lactate concentrations progres-
ively. This forces the anaerobic work capacity to be a determinant
actor in the ﬁnal test result and the early fatigue onset.32,37
The velocity reduction, in this part of the race, added to the
trategy of running behind other runners are a habitual strategy
o increase the race economy. Morgan et al.39 suggested that run-
ing while following 1–2 m behind another runner can save up to
% or 3% of energy, respectively.
Finishing kick. Robinson et al.40 reported that when athletes ran
he ﬁrst 800-m of a 1200-m treadmill test slower than even-pace
ollowed by a near maximal ﬁnal 400-m, they showed lower blood
actate and oxygen debt rates in comparison to those when using a
ast-start and even pacing strategy.
When the ﬁnal race section is analyzed under high level fatigue
ituations, the O2 input system can be negatively affected. Hanon
t al.14 observed a signiﬁcant VO2 decrease at the end of the
500-m race without affecting the race velocity. The authors
xplain these VO2 decreases by referring to mechanisms assessed
n other studies: respiratory fatigue, changes in cardiac outputPlease cite this article in press as: Pérez-Guerra A, et al. Effect of the pac
metabolic and cardio-respiratory response. Rev Andal Med  Deporte. 2
nd oxygen arterial-venous difference and decrease in arterial
emoglobin saturation. A positive correlation between the VO2
ecrease magnitude and blood lactate concentration, suggesting
hat this phenomenon is due to the high glycolytic contribution
1 PRESS
 Deporte. 2016;xxx(xx):xxx–xxx
and therefore to a high level of fatigue, that can be demonstrated
in a stride amplitude decrease and an increase in frequency, trying
to maintain the velocity.
In our case, the subjects showed an increase in the VO2 values
at the end of the test in the RP and KP protocols, but they showed
a decrease in CP and IP. We  must take into consideration that the
race intensity was  not 100% intensity, as it was  slightly lower. At the
90% of de velocity associated to VO2max the oxygen consumption
continues to increase with the time, as a consequence of a VO2 slow
component.
The accumulated fatigue at the end of the test can also affect the
race mechanics and the ﬁnishing pick. In this sense, Hanon et al.41
detected, during treadmill running tests to exhaustion, a decrease
in stride length. This alteration in the race mechanics can be due to
a force decrease.
In conclusion, the present study suggests that the main func-
tional systems responses (cardio-respiratory system, energetic-
system and race mechanics) are signiﬁcantly affected by the pacing
strategy used by middle level subjects during a middle-distance
running. This behavior affects the total test and the ﬁve phases
in which it is divided (5 phases of 1-min duration). The highest
differences were observed in the intermediate phase of the race
(2nd–4th min), although these differences do not assume statisti-
cally signiﬁcant changes in the oxygen uptake system. Also, there
were no important signiﬁcant differences in the PO2 and HR val-
ues among the ﬁve sections of the four assessed protocols. There
were signiﬁcant differences found in the energetic efﬁciency of
the different pacing strategies. These differences were statistically
signiﬁcant among the protocols CP vs. KP, RP vs. KP and TP vs. IP
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